that substitution of Si by Xe is very energetically unfavorable. The successful formation of xenon oxides under deep mantle conditions has been recently reported. 16 However, the presence of such compounds is precluded by the lack of free oxygen in Earth's mantle. Accordingly, a hypothesis of stable Xe-Fe/Ni compounds in the Earth's core was proposed as an explanation for the "missing" Xe, 12 but no experimental support has been offered.
Previous experimental attempts have failed in tracing the possible formation of Fe-Xe compounds up to 200 GPa and below 2500 K 17, 18 and this has been attributed to the large size difference between Xe and Fe ions, which hinders the formation of substitutional Xe-Fe solid solutions (SS) according to the Hume-Rothery rule. 17 A recent theoretical study, 1 using ab-initio calculations combined with multiple structural search methods, suggests that
Xe-Ni and Xe-Fe compounds are thermodynamically stable above 150 GPa and 200 GPa respectively. This study also suggests that the thermodynamic stability of these compounds is further enhanced at elevated temperatures (>2000 K) i.e. at thermodynamic conditions representative of Earth's outer core. The predicted crystal structures of Xe-Fe/Ni compounds are distinct from the structures of elemental Xe, Fe, and Ni at the same thermodynamic conditions, which suggests that the formation mechanism of these compounds goes beyond a simple element substitution in parent compounds.
In this study, we explored the possible formation of stable compounds in the Xe-Fe/Ni system at thermodynamic conditions representative of the Earth's core by performing high pressure experiments in a laser-heated (LH) diamond-anvil cell (DAC) starting from the following mixtures: a)Xe-Fe, b) Xe-Fe/Ni alloy representative of Earth's core (∼ 7% Ni) and c) Xe-Ni, in an approximate 1:1 loading ratio. Using in situ synchrotron X-ray diffraction (XRD) and Raman spectroscopy we successfully identified the formation of: a) a forms at much lower pressure signifying the importance of the elemental electronic structure on the new compound formation. The experimental results were examined and supported in synergy with theoretical ab-initio structural search and optimization. The formation of XeFe 3 and XeNi 3 compounds are kinetically driven with the structures identified in close proximity of the computed energy minima. The theoretical reaction threshold pressures and XRD patterns for both compounds are in very good agreement with the experiment.
RESULTS AND DISCUSSION
In order to study the Xe-Fe/Ni system we examined mixtures of Xe with either pure Fe and Ni or with a Fe-Ni alloy with a Ni concentration (7-8%) representative of the Earth's core. 20, 21 In the latter case an iron Sikhote-Alin Meteorite was used as a proxy after chemical and homogeneity characterization using EDX spectroscopy (Fig. S1 ). The XRD patterns of the Fe-Ni alloy used in this study are representative of a HCP structure (see Fig 1(a) ) with negligible cell volume difference (Fig. S2) , at a given pressure, to that of pure Fe (also in HCP structure) in agreement with previous studies. 22 We performed LH experiments on both the Xe-Fe and Xe-Fe 0.93 Ni 0.07 systems at various pressures from 150 to above 210 GPa.
No new Bragg peaks, signalling the formation of new compounds, were observed below 195
GPa for both mixtures even after a prolonged LH above 3500 K, see peaks (see Fig. 1(a) ). Moreover, no Raman active vibrational modes are expected for the Cu 3 Au-type structure in contrast with our Raman spectroscopy measurements (Fig. S5(a) ).
We identified the products as a mixture of a FCC and an orthorhombic (namely Pmmn (1)) phases with competitive enthalpies as revealed in our theoretical calculations. Details on the procedure we followed for the identification of the Pmmn (1) phase can be found in the Supporting Information. The Pmmn (1) and the FCC structures are closely related as both are close-packed and with 12-fold coordinated Fe and Xe atoms. As a result, the volumes of these two structures are very similar, essentially degenerate at pressures above 100 GPa ( Fig. 1(c) ). The Bragg peaks of the experimental XRD patterns can be very well indexed with a mixture of Pmmn (1) and Pm-3m structures. However, preferred orientation effects and strongly anisotropic peak broadening effects, which are usual in HP-HT synthesis, (1) (with Xe(25%)-Fe (75%)) and Pm-3m structures, after subtracting(see Ref. 24 for the details).
Raman experiments on samples quenched to 300 K ( Using the lattice parameters obtained from the XRD patterns, the volume of XeFe 3 of the NbPd 3 -type structure, is 5% lower than that of the 1:3 solid mixture of Xe and Fe, suggesting XeFe 3 is a stable compound (see Fig. 1(c) The possible formation of stable Xe-Fe compounds was previously considered as the most probable explanation of Xe depletion in the Earth's atmosphere. 1,12,17 Although our study provides the first experimental evidence of the stability of Xe-Fe compounds at Earth's core thermodynamic conditions, it is unlikely that such compounds have been formed during the Earth's core accretion. The formation pressure of such compounds (+200GPa), as determined in this work, is too high compared to that suggested for the Earth's core accretion pressure (near 50 GPa) using geochemical arguments. 29 This suggests that the formation of XeFe 3 is an unlikely explanation of the "missing Xe paradox". Thus, alternative, to the Earth's core reservoir, scenarios should be considered for the explanation of Xe depletion.
Our experiments reveal that stable compounds of metals and NGEs can exist under 
CONCLUSIONS
We have performed a concomitant experimental and theoretical search for stable compounds in the Xe-Fe/Ni system at thermodynamic conditions representative of Earth's core.
We demonstrate the synthesis of stable Xe(Fe,Fe/Ni) 3 and XeNi 3 compounds stabilized by a major electron transfer (bonding) Xe to Fe and Ni. Our results experimentally document that electropositive at ambient pressure elements could gain electrons and form anions at elevated pressures. Based on the more than 200 GPa threshold for the synthesis of XeFe 3 we suggest that the formation of XeFe 3 is an unlikely explanation of the "missing Xe paradox".
Thus, different scenarios should be considered for the explanation of Xe depletion. Alternatively, a two step mechanism, in contrast to the direct formation of stable Xe-Fe compounds at Earth's core conditions, should be considered. In this context we may speculate an increased solubility of Xe in molten Fe at lower accretion pressures as a first step followed by a reaction at higher pressures. However, this extends beyond the scope of this work and calls for follow-up relevant studies.
METHODS

Experiments:
High purity (>99.99%) commercially available (Sigma-Aldrich) fine powders of Fe and
Ni have been used for the x-ray diffraction (XRD) measurements. Rhenium gaskets (prein-dented to 30-35 µm thick using 75-50 µm beveled culets) were used to radially confine the pressurized samples. Initial sample chamber diameters were nominally 25-50 µm. The diamond anvil cell cavity was filed with Xenon in a gas loading apparatus, where a Xe pressure of about 600psi was created, the DAC was sealed and the pressure increased to the target pressure as determined by first order Raman mode of diamond and Fe/Ni EOSs; all readings agreed with each other within 5 GPa at pressures > 200 GPa. Integration of powder diffraction patterns to yield scattering intensity versus 2θ diagrams and initial analysis were performed using the DIOPTAS 35 program. Calculated XRD patterns were produced using the POWDER CELL program, 36 for the corresponding crystal structures according to the EOSs determined experimentally and theoretically in this study and assuming continuous Debye rings of uniform intensity. Le Bail refinements were performed using the GSAS 37 software. Indexing of XRD patterns has been performed using the DICVOL program 38 as implemented in the FullProf Suite.
Double-sided CW laser heating was performed using ytterbium fiber lasers focused to a flat top around 10µm in diameter (FWHM) spot. 39 MAR-CCD detectors were used to collect pressure dependent X-ray diffraction data at the undulator XRD beamline at GeoSoilEnviroCARS (sector13), APS, Chicago and at Advanced Light Source, Lawrence Berkeley National Laboratory Beamline 12.2.2. The X-ray probing beam spot size was about 2-4µm
at GeoSoilEnviroCARS using Kirkpatrick-Baez mirrors and XRD data were collected in situ at high temperature and on the quenched samples. Temperature was measured spectroradiometrically simultaneously with XRD measurements with a typical uncertainty of 150 K.
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The X-ray beam was focused to 10 x 10 µm using Kirkpatrick-Baez mirrors at beamline 12.2.2. More details on the experimental set up are given in Kunz et al.. 40 Raman studies were performed using 532 nm line of solid-state laser and 514.5 nm line of Ar Laser in the backscattering geometry. The laser probing spot dimension was about 5 µm. Raman spectra were analyzed with a spectral resolution of 2 cm −1 using a single-stage grating spectrograph equipped with a CCD array detector. Ultra-low frequency solid-state notch filters allowed to measure the Raman spectra down to 10 cm −1 . (Fig. S4) .
The additional Bragg peaks have been indexed, with high figure of merit (FOM), to an orthorhombic unit cell with lattice parameters a=5.166Å, b=10.827Åand c=3.909Å at 220 GPa. Further analysis of the reflection condition (systematic absences) resulted a primitive lattice (P-type) with Pban (50), Pbam (55) and Pmmn (59) as the most likely space groups. We examined all known theoretical models of Xe-Ni and
Xe-Fe compounds with various stoichiometries, 1 but found none could satisfactorily fit the XRD pattern.
We conducted extensive metadynamics simulations to identify possible structures of XeFe 3 , in particular structures with competitive enthalpies to the FCC structure. Taking into consideration both energetics and structure, a NbPd 3 -type structure (Pmmn, Z=6, PDF-42-1258) generated in the 200 GPa simulation was deemed to be the best match. The calculated ∆H f of the Pmmn (1) structure is only slightly higher than the FCC structure, i.e., less than 0.05 eV/atom, which again indicates a close metastable phase (Fig. 2(a) ). 
The ∆H
